Objective : The aim of this study was to investigate clinical and radiological outcomes of patients who underwent posterior vertebral column resection (PVCR) by a single neurosurgeon in a single institution. Methods : Thirty-four consecutive patients with severe spinal deformities who underwent PVCR between 2010 and 2016 were enrolled. The radiographic measurements included a kyphotic angle of PVCR levels (VCR angle), sagittal vertical axis (SVA), thoracic kyphosis, lumbar lordosis (LL), and spinopelvic parameters. The data of surgical time, estimated blood loss, duration of hospital stay, complications, intraoperative neurophysiologic monitoring, and the Scoliosis Research Society (SRS)-22 questionnaire were collected using a retrospective review of medical records. Results : The VCR angle, LL, and SVA values were significantly corrected after surgery. The VCR and LL angle were changed from the average of 38.4±32.1° and -22.1±39.1° to -1.7±29.4° (p<0.001) and -46.3±23.8° (p=0.001), respectively. The SVA was significantly reduced from 103.6±88.5 mm to 22.0±46.3 mm (p=0.001). The clinical results using SRS-22 survey improved from 2.6±0.9 to 3.4±0.8 (p=0.033). There were no death and permanent neurological deficits after PVCR. However, complications occurred in 19 (55.9%) patients. Those patients experienced a total of 31 complications during-and after surgery. Sixteen reoperations were performed in twelve (35.3%) patients. The incidence of transient neurological deterioration was 5.9% (two out of 34 patients). Conclusion : Severe spinal deformities can be effectively corrected by PVCR. However, the PVCR technique should be utilized limitedly because surgery-related serious complications are relatively common.
INTRODUCTION
The vertebral column resection (VCR) is the most powerful surgical technique that removal of the entire vertebral body and the adjacent intervertebral discs to correct severe spinal deformities. It can be applied to fixed severe spinal deformi-https://doi.org/10.3340/jkns.2017.0181 ties such as congenital kyphoscoliosis, post-traumatic deformity, post-fusion flatback deformity and post-tuberculosis kyphosis 10) . The conventional VCR technique was performed by anterior-and posterior combined approaches 2, 3) . Suk et al. 17) have introduced posterior VCR (PVCR) procedure. Thereafter several researchers reported the outcomes following PVCR sequentially 12, 17, 18, 20) . The PVCR has purposed at the decrease of complications and technical difficulties of the traditional anterior-posterior VCR 17) . However, the PVCR is still a surgically demanding procedure because of the high risk of complications and operative hardship such as manipulation around the exposed spinal cord, resection of the posterior vertebral body, and the dissection problem with the opportunity of dural tears or neural injury 5) . Nevertheless, the degree of correction is so powerful that it can be the most integral technique for severe spinal deformity 5) . The aim of this study was to investigate clinical and radiological outcomes of patients who underwent PVCR by a single neurosurgeon in a single institution.
MATERIALS AND METHODS

Demographics of patients
This study protocol was approved by the institutional review board of our institution. A retrospective review of the patients was carried out in a single institution. Thirty-four consecutive patients with severe spinal deformities who underwent PVCR between December 2010 and June 2016 were enrolled in this study. All patients complained severe pain or neurological symptoms and progressing deformities that did not respond to conservative treatment. There were 13 males and 21 females with a mean age of 58.9±22.9 years (range, 6-82). The patients were followed up for an average of 25.6±13.9 months (range, 10-76) after surgery. The surgical indication for PVCR in this study were as follows : severe rigid or fixed deformity which should obtain a correction angle of 45 degrees or greater, 3-dimensional multiplanar deformities, sharp angular deformities, and deformities that can't be corrected by other osteotomies (Smith-Petersen osteotomy and pedicle subtraction osteotomy). The diagnoses were a post-fusion flat back deformity, post-traumatic kyphosis, post-tuberculosis kyphosis, and congenital kyphoscoliosis (Fig. 1) . Exclusion criteria included spinal infection, tumor, and a combined anterior-posterior VCR surgery. Seventeen patients had previously undergone spinal arthrodesis. The PVCR levels were 45 in total. The mean fused vertebrae were 9.6±3.8 (range, 5-17) (Table 1) .
Surgical procedure
The surgical procedure was performed under general anesthesia and prone position on Jackson frame. All patients were used intraoperative neurophysiologic monitoring (IOM) (Xltek protektor 32 IOM system, Natus 142 Medical Inc., Oakvile, Canada) during surgery. After standard posterior subperiosteal dissection, pedicle screws (CD-Horizon Legacy screw system, Medtronic, Memphis, TN, USA) were placed using a freehand technique. Then, a short rod was temporarily installed to the pedicle screw above and below more two levels to provide stability during the PVCR. The medial ribs including rib head were removed from the thoracic spine, and the transverse process was resected from the lumbar spine to widen the field of view at the vertebrae where the PVCR was performed. After the proximal and distal junctional discs were removed, the osteotomy was started from the pedicle to the vertebral body. The exiting nerve root was tied and transected at the thoracic levels, whereas it was gently retracted at the lumbar levels. Because of the posterior wall of the vertebral body was maintained until the osteotomy is complete, the posterior wall was resected using a reverse cutting curette or Woodson dissector. After proper removal of the vertebral body, another rod was placed on the other side of the previously secured site. The deformity correction was gradually performed by compression and in situ contouring of the resected vertebral column using a pre-contoured permanent rods. In the maneuver, the surgeon must carefully confirm whether central canal and exiting nerve root were compressed or not and pay attention the IOM change during correction of the deformity. The defect gap was stuffed with a titanium mesh cage or a bone strut to achieve bony fusion. The final contour was secured with segmental rod fixation, and the multiple rods (3-4 rods) construct was usually utilized 8) . After the final fixation procedure, posterior and posterolateral fusion was meticulously performed with a bunch of auto-and allografts.
Radiological evaluation
The radiologic measurements included a kyphotic angle of PVCR levels, sagittal balance, thoracic kyphosis (TK), and lumbar lordosis (LL). The methods were performed with the Cobb angle on preoperative and postoperative radiographs. The kyphosis angle of PVCR levels was defined between the superior endplate of the first vertebra above the PVCR and the inferior endplate of the first vertebra below the PVCR. The sagittal balance was measured by the horizontal distance from the C7 plumb line to the posterior-superior corner of S1 endplate on standing whole spine lateral radiographs. The angle between the superior endplate of T5 and the inferior endplate of T12 was determined TK. LL has used the angle from the superior endplate of L1 to the superior endplate of S1.
Clinical evaluation
The data of surgical time, estimated blood loss (EBL), duration of hospital stay, complications, and IOM data were collected by the retrospective review of patient charts. The Scoliosis Research Society (SRS)-22 questionnaire was used to evaluate clinical outcome. SRS-22 questionnaire was surveyed regularly (preoperative, postoperative six week, one year, two year, and so forth). 
Statistical analysis
Statistical data analysis was carried out using SPSS Statistics version 20.0 (IBM Corp., Armonk, NY, USA). Paired t-test was used to estimate the effectiveness of PVCR by comparison of the Cobb angle before and after surgery. The Pearson correlation test was selected for analysis of differences between clinical factors and complications. The p-value <0.05 considered as the statistical significance.
RESULTS
The correction of VCR angle improved from the average of 38.4±32.1° to -1.7±29.4° (p<0.001). Lumbar lordosis changed from the mean -22.1±39.1° to -46.3±23.8° at the follow-up (p=0.001). The average angle change in TK and pelvic incidence (PI) revealed from the median 27.9±28.5° and 50.8±11.5° to 32.1±16.2° (p=0.611) and 50.5±10.9° (p=0.291), respectively. The sagittal vertical axis (SVA) were significantly reduced from 103.6±88.5 mm to 22.0±46.3 mm (p<0.001) ( Table 2) .
The clinical results using SRS-22 score significantly improved from 2.6±0.9 to 3.4±0.8 after surgery (p=0.033) ( Table 3 ). The average surgical time was 386.5±114.8 minutes, and mean hospital stay was 17.9±10.9 days after PVCR. The median EBL was 1134.8±1149.9 mL and transfusion was mean 975.8±960.5 mL. Duration of hospital stay was significantly longer in the patients having perioperative complications (p=0.009), whereas other surgical parameters did not have a significant relationship with the complications.
The complications were verified in 19 (55.9%) patients. A total of 31 complications occurred during and after surgery (Table 4). Sixteen reoperations were performed after PVCR in twelve (35.3%) patients. IOM changes during surgery observed in six patients (17.6%). Four patients (66.7%) out of those were fully recovered intra-operatively. However, deteriorated IOM changes of the remaining two patients (33.3%) were not restored. The patients experienced postoperative transient paresis and recovered later. Intraoperative complications occurred in four patients. There were 17 cases of postoperative compli- 
Intraoperative complications
There were two cases of excessive intraoperative bleeding. One case of bleeding (>3000 mL) has an unstable vital sign during surgery. In the other case, there was a massive bleeding of 5000 mL or more. The patients with excessive bleeding recovered uneventfully after receiving intensive postoperative care with blood transfusion. The dura tears occurred in two patients. The patients underwent primary closure without additional leakage or revision surgery.
Postoperative complications (<2 weeks)
There was two delayed cerebrospinal fluid leakage without revision surgery. In one patient, nerve root irritation symptoms were severe after the PVCR. The nerve root was compressed by bone fragments, and reoperation was carried out. It had not detected by IOM during the initial surgery. The patients recovered without neurological deficit. Two patients had postoperative transient neurological deficits. They complained of substantial motor weakness at lower extremities after surgery. The patients underwent revision surgery, one had compression of the thecal sac by remnant bone fragment, and the other had massive bleeding during surgery. However, they fully recovered through conservative treatment after 2nd surgery. There was a patient having myelopathic symptoms of the cervical spine after PVCR surgery. In the patient, a stenotic lesion at the cervical 34 level was overlooked. The myelopathy improved after additional cervical surgery. There were two cases of superficial surgical site infection and three of wound dehiscence. The wound dehiscence patients have received reoperation, and superficial surgical site infection patients underwent conservative treatment. Other complications such as pneumonia, delirium, urinary tract infection, and fecal incontinence were also developed, however those were treated by conservative managements.
Late onset complications (≥2 weeks)
Five patients suffered from a compression fracture of the vertebral body during the follow-up (from 1 month to 6 months after surgery). Three and two out of those occurred at upper instrumented vertebra (UIV) and lower instrumented vertebra (LIV), respectively. Vertebroplasty was carried out to two patients having UIV fracture. Screw related complications occurred in three patients. Screw malposition (two patients) and screw loosening (one patient) were symptomatic requiring reoperation. Kyphosis progression occurred in a patient (two years later after surgery). The patient experienced proximal junctional kyphosis requiring additional surgery for fusion extension. One patient suffered from thoracic decompensation with remant curve progression. The patient had connective tissue disease of Loeys-Dietz syndrome. 
Dura tear 2
Delayed CSF leakage 2
Massive bleeding (>5000 mL) 1
Excessive bleeding with unstable vital sign (>3000 mL) 1
Root compression by bone fragment 1
Neurologic deficiency 2
Cervical myelopathy 1
Surgical site infection-superficial 2
Wound dehiscence 3
Urinary tract infection 1 
DISCUSSION
Severe spinal deformities may cause a hazard to adjacent spinal cord and nerves, impaired general health such as respiratory function, and profound impact on cosmetic appearance 14, 21) . The deformity corrective surgery may be necessary in selective cases. However, it is a challenging procedure because of its high complication rate and surgical difficulty 6, 9) . In our series, the PI-LL was mean 25.4±18.6° and SVA was mean 103.6±88.5 mm before surgery. These results were considered as a condition of severe deformity according to SRS-Schwab classification 19) . Furthermore, PVCR was limitedly indicated for severe fixed deformity, 3-dimensional multiplanar deformities, sharp angular deformities in this study. Thesedays, PVCR was widely utilized for fixed severe spinal deformities instead of the conventional circumferential VCR 16, 17) . PVCR had several advantages comparing to traditional anterior VCR such as effective correction of the deformity as well as a reduction of operative time, blood loss, complications 17) . In the present study, the VCR angle, LL, and SVA values were significantly corrected after surgery. Clinical outcomes in terms of SRS-22 scores after PVCR were quite satisfactory. However, PVCR has a high complication rate in several previous studies 7, 11, 16, 17, 22) . In the current study, 19 (55.9%) of 34 patients experienced a total of 31 complications. The prevalence of transient neurological complications was 5.9% (two of 34 patients). Previous researchers reported that incidence of the neurological problem was from 1.2% to 17.1% 7, 11, 16, 17, 22) . The mechanism of neurological deterioration as a critical complication after VCR was ischemic injury and mechanical damage to the spinal cord 15) . In this study, one patient experienced lower extremities paraparesis after L5 PVCR surgery. It was confirmed that the thecal sac was mechanically compressed by remnant bone fragment of the L5 vertebral body in the field of reoperation. For this reason, surgeons need to be very careful when performing the compression of a PVCR site. The other patient had massive bleeding during surgery with an unstable vital sign. Estimated blood loss was about 3000 mL. Mean arterial pressure (MAP) was dropped to 60 mmHg due to bleeding during surgery and motor evoked potential signal lost. Smith et al. 15) described that blood hypoperfusion of the spinal cord by intraoperative hemorrhage are an immediate cause of neurological complications. Previous investigators suggested that more than 2000 mL is a risk factor for the problems 1, 11) . Lenke and colleagues advocated that MAP should be sustained from 85 to 90 mmHg at the close the osteotomy site 13) . In the current series, the target MAP level was maintained above 85 mmHg. Moreover, we routinely used cell saver and tranexamic acid (TXA) during surgery to prevent excessive bleeding and allogenic transfusion. Choi et al. 4) reported that TXA could decrease intraoperative bleeding by 37% of mean EBL. In this series, IOM was applied to all patients, and IOM change was carefully monitored during surgery. In this study, six patients of IOM changes were detected, and when this change confirmed, we tried to stop the surgery and to correct the cause. Despite careful attention during surgery, there is various surgery related complications in our series. Hypoperfusion to the spinal cord due to bleeding during surgery and unexpected nerve injury owing to spinal cord distraction or compression by bony fragments are the main causes of neurological complications following PVCR. Meticulous attention should be paid to patients who have sharp angular kyphosis such as tuberculosis kyphosis and unusual anatomical structure owing to multiple prior surgeries. The compression fracture of vertebral body was developed at UIV and LIV level. Screw loosening and proximal junctional kyphosis also occurred for follow-up period. Because the surgical wound is wide, infection and dehiscence should not be underestimated. We had five wound-related problems. Since the postoperative systemic disease can frequently occur such as pneumonia and urinary tract infection, surgeons need to take a meticulous care of the patient after surgery. Several limitations deserve to be mentioned in this study. It has a retrospective research design with a small sample size. Another limitation is that there are not a few patients (17 patients) who had undergone prior spine surgery in the study population. It is thought to affect the occurrence of complications.
CONCLUSION
Severe spinal deformities can be effectively corrected by PVCR. Radiographic and clinical outcomes after PVCR were quite satisfactory. However, the PVCR technique should be utilized limitedly because surgery-related serious complications are relatively common.
